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Application of three-phase hollow fiber liquid-phase
microextraction for analysis of hydroxybenzoic acids
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Abstract Under the optimal experimental conditions of three-phase hollow fiber liquid-phase
microextraction 3p-HFLPME the behaviors of hydroxybenzoic acids HBAs were investiga-
ted. The correlativities between the enrichment factor EF of HBAs and their n-heptanol/wa-
pK, and the number of - OH
N  the extraction mechanism that polyvinylidene difluoride hollow fiber contributed to pro-

ter conditional distribution coefficients 108 P, ;. uno1s mmovs ol
mote the extraction efficiency by forming charge transfer compound with HBAs and the organic
solvents showed notable selectivity for HBAs were elucidated. The optimal 3p-HFLPME condi-
tions were MOF 503 polyvinylidene difluoride hollow fiber as organic solvent supporter n-hep-
tanol as organic phase 5 mmol/L HCI in the donor phase and 80 mmol/L NH,; H,O as the ac-
ceptor phase the HBAs were extracted for 35 min under an agitation of 1200 r/min. It was
found that the relative standard deviations were lower than 3% the detection limits were 0. 09
—-30.00 ng/L the average recoveries of HBAs in Calyx Kaki were 93.3% —107. 1% and the EF
of HBAs at 5 mg/L was up to 107. 6 fold.
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-7 s 1.3
’ 3 4 5-THBA 3 5-DHBA 3 4-DH-
HBAs BA 4-HBA 2 5-DHBA 2 4-DHBA 100
mg 100 mL
HBAs 1 g/L
1.4
34 5- HCI
10 3 5- 11 mL
10 mL HBAs 5
HBAs mg/L HCl 5 mmol/L 12 cm
" "? 2 10 s
6 HBAs 3 4 5- 3
4 5-THBA 3 5- 3 5-DHBA 3 4- 80 mmol/L  NH, -
3 4-DHBA  4- 4-  H,0 U
HBA 2 5- 2 5-DHBA 2 4- 1200 r/min 35 min
2 4-DHBA HFLPME 3p- HPLC
HFLPME 5
HBAs
HBAs EF 2.1
/ log Pn-heptanol/s mmol/L HCl 2.1.1
N DK, 3p- 5 UPIS 503 PP MIF 503
HFLPME HPLC MOF 503 UEIS 910
3 4 5-THBA 3 4-DHBA 4- 1 MOF 503
HBA 2 5-DHBA MIF 503 HBAs
EF
1 3p-HFLPME
1.1 F
Shimadzu LC-10A HBAs -COOH -OH
MOF 503 / 0.5/0. 8
mm 0.2 wm MIF 503 / 0.8/ HBAs
1.4 mm 0.1 pm UEIS 910 / HBAs
0.8/1.3 mm 0.2 pm UPIS
503 / 0.8/1.2 mm 0.2 pm HBAs
PP 100 r
/ 0.6/1.0 mm 0.2 pm 80 nor soy g
3 r Cpp
& 60 SSIUPIS 503
3 4 5-THBA 3 4-DHBA 2 4-DHBA 4-HBA ;E ol BCAUELS 910 E E
3 5-DHBA 2 5-DHBA £ 0
e 1
Oﬂ;w Nad \od ‘ Nad \ad Nag
L %f ,;’Q& nf& o W‘?& 0,»'&&
Kromasil C18 250 mm x 4.6 mm 5 pm 1 HBAs
Dikma Technologies 35 C Fig. 1 Inﬂuenf:e of hol.low fiber type on
extraction efficiency of HBAs
246 nm -0.15% C,;=5mg/L C,, is the initial concentration of HBAs in the
12: 88 1 mL/min 20 pL donor phase.
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2 F MOF 503 MIF 503
HBAs HBAs MIF 503 HBAs
MOF 503
MOF 503 237
MIF 503 MOF 503
Donor phase i Polyvinylidene difluoride hollow fiber : Acceptor phase
(With 5 mmolV/L HCI) | with ROH in the wall pores | (With 80 mmol/L NH;+H,0)
! F-C—F
| O-con
O)-coo-
COOH @ COOH----HOR CH,
‘ COO~™
Oreo- D"
@COOH HOR F-C—F
| O-con-
o ©)-coor
£)»—COOH —— @COOH HOR CH,
‘ COO™
e
@COOH HOR F-C—F
| O-con
O oo
Ca,
| Hydrogen bond formed between ROH ! @COO
Charge transfer compound and hydroxybenzoic acids
2 HBAs
Fig. 2 Transfer contribution of charge transfer reaction between polyvinylidene difluoride and HBAs
HBAs are simply presented with benzoic acid in this diagram.
2.1.2 1 HBAs
EF
1 -OH HBAs - COOH -OH
1 HBAs !
Table 1 Enrichment factors of HBAs with different organic solvents as the organic phase’
Enrichment factors
Organic solvent
3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DHBA
n-Butanol 3.4 5.6 6.8 20.8 9.8 9.2
n-Pentanol 3.5 5.7 7.3 19.0 11.2 9.9
n-Hexanol 7.3 12.5 13.1 27.3 40.8 41.7
n-Heptanol 13.9 26.0 27.1 48.8 88.8 91.3
n-Octanol 4.4 18.7 17.4 44.5 44.5 61.8
n-Nonanol 1.1 12.5 13.3 40.0 27.2 50.9
n-Decanol 0.9 11.8 13.0 36.0 17.8 45.6
Acetonitrile 4.7 5.4 7.2 21.0 9.3 8.7
Ethyl cyanide 4.8 5.5 7.8 22.8 10.0 8.9
Butyronitrile 5.7 6.2 8.9 24.3 11.5 11
Acetone 4 4.7 6.9 18.8 9.2 8.7
Butanone 4.5 5.5 7.9 21.5 9.8 9.
Dichloromethane ud? 0.08 0.03 0.01 0.02 0.02
Trichloromethane 0.2 0.2 0.06 0.1 0.1 0.1
Tetrachloromethane 0.1 0.1 0.06 0.07 0.05 0.1
Pentane 0.06 0.07 0.05 0.04 0.1 0.1
Hexane 0.07 0.07 0.07 0.05 0.1 0.2
Heptane 0.1 0.06 0.03 0.05 0.09 0.1
Octane ud 0.07 0.03 0.06 0.06 0.1
Isooctane ud 0.07 0.03 0.06 0.06 0.1
Cyclohexane 0.01 0.07 0.04 0.05 0.08 0.1
Benzene 0.3 0.4 .4 0.6 0. .4
Toluene 0.04 0.9 0.05 0.3 1. 1.4
Chlorobenzene 0.03 0.06 0.04 0.2 0.05 0.07
Orthodichlorobenzene 0.03 0.05 0.02 0.05 0.03 0.07

1 Cy;=5mg/L. 2 ud under the detection limit.
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HBAs
HBAs EF
C 6 2.1.3
EF C HBAs -COOH - OH
HBAs HBAs
C=N N
C =0 (0) 0.5 ~ 20 mmol/L NaOH 0.5 ~ 90
HBAs HBAs mmol/L  NH, H,0
N 0 -OH HBAs EF NaOH NH, H,0
HBAs EF NaOH 10 mmol/L  NH,
HBAs - H,0 80 mmol/L 2
HBAs EF
HBASs - HBAs NH, H,0 HBAs
HBAs EF NaOH NH, H,O
HBAs N HBAs -COOH -OH
HBAs -COOH -OH HBAs
3p-HFLPME 80 mmol/L
NH, H,0
2 HBAs
Table 2 Enrichment factors of HBAs with different acceptor phases*
¢ Acceptor / Enrichment factors
Acceptor
mmol/L 3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DHBA
NaOH 0.5 3.4 3.5 7.8 11.2 12.7 16.8
1 3.5 3.9 7.9 12.0 13.6 19.2
5 3.7 3.8 8.2 12.4 14.7 20.3
10 4.7 6.3 10.3 15.8 23.9 27.0
20 4.4 4.7 9.2 14.9 18.3 23.2
NH; H,0 0.5 5.4 5.9 12.3 18.3 18.2 30.2
1 5.6 6.5 12.6 18.9 18.9 30.9
5 5.9 6.8 13.1 19.5 19.2 31.5
10 6.9 9.2 15.1 22.1 27.9 44.1
20 8.6 14.1 19.7 28.8 39.1 56.7
50 11.1 22.2 25.1 40.2 57.9 76.8
80 14.2 26.9 30.2 51.9 89.5 103.3
90 10.3 2.3 29.2 49.5 70.9 85.5
* Cd i =5 mg/L
2.1.4 HBAs EF 6 HBAs pPK,
HBAs 1 H'
HCl pH  H,SO,
HCI H,SO, HAc HCI 5 mmol/L
HAc 0.1 ~100 mmol/L HBAs EF 5
3 3 mmol/L HCI
3 HBAs
Table 3 Enrichment factors of HBAs with different acids and concentrations in the donor phase *
Acid ¢ Acid / Enrichment factors
“ mmol/L 3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DHBA
HC1 0.1 8.2 21.7 23.0 64.4 48.8 81.0
1 9.0 21.9 21.7 50.3 74.6 94.6
5 14.2 27.8 31.1 52.5 90.5 105.4
10 10.7 22.0 16.6 36.5 60.2 89.2
100 10.0 19.8 14.3 29.1 59.1 81.4
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Table 3 Continued
Acid ¢ Acid / Enrichment factors
“ mmol/L 3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DHBA
H,S0, 0.1 5.4 21.0 21.4 72.5 25.6 87.2
1 8.1 21.6 17.4 45.6 51.3 95.3
5 7.8 21.3 16.8 45.0 54.7 99.1
10 8.7 22.4 16.3 42.2 60.2 97.1
100 8.6 21.4 16. 1 35.3 60.0 42.9
HAc 0.1 5.2 20.1 23.4 75.2 19.4 80.2
1 6.6 19.8 21.0 62.0 20.8 75.2
5 9.6 14.7 11.4 24.8 22.9 54.2
10 6.1 10.9 7.0 14.8 24.1 41.6
100 2.6 2.7 1.8 4.4 14.1 13.3
#* Cyq;=5mg/L.
2.1.5 2.1.7
NaCl 0 12.5 25 10 20 25 30 35 40
50 75 100 125 150 g/L. HBAs 50 60 min HBAs EF
HBAs EF 35 min
HBAs 35 min
2.2
2.2.1
2.1.6
300 600 900 1200 1500 4.50 x 107" 1.80
1800 r/min HBAs x107* 9.00 x107° 4.50 x10°> 1.80 x10~* 9. 00
HBAs EF 1200 r/min x1077 4.50 x10™" 0.90 4.50 18.00 27.00 mg/L
1.4
EF HPLC y
1200 r/min ¢ mg/L 4
4 HBAs
Table 4 Linear ranges correlation coefficients r’> and limits of detection LODs of the HBAs
Analyte Linear range/ mg/L Regression equation * 7 LOD/ pg/L
3 4 5-THBA 4.50 x10 72 -18.00 y =70133¢ - 893 0.9994 9.00
3 5-DHBA 9.00 x10 7% -4.50 y =498286¢ - 1094 0.9989 1.80
3 4-DHBA 9.00 x10 72 -9.00 y =455990¢ -2519 0.9991 30.00
4-HBA 4.50 x10 % —4.50 y =3201019¢ + 2057 0.9994 0.09
2 5-DHBA 4.50 x10 2 -18.00 ¥ =2309000¢ - 1098 0.9993 15.00
2 4-DHBA 9.00 x10 7% -9.00 Yy =2337663¢c - 2171 0.9996 1.80
% y peak area ¢ mass concentration mg/L.
2.2.2 100 mL 30 min
1.4 HPLC
3 4 5-THBA 3 5- HBAs n=>5 5
DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DH- 2.2.4
BA 0.90 1.80 x107* 1.35 9.00 60 1.5¢g
x107% 0.90 1.80 x10 > mg/L 1.4 100 mL 30 min
HPLC 1.4 HPLC n
RSD n =5 0.7% 1.2% 0.4% 2.8% =3 3 4 5-THBA 3 4-DHBA 4-
1.7%  2.4% HBA 2 5-DHBA 0.256 0.066 0.020
2.2.3 0.019 mg/g RSD 7.4% 3.2% 3.0%
HBAs 60 3.4% 3 3p-HFLPME
0.75 g HBAs EF
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5 HBAs n=5
Table 5 Recoveries of HBAs in Calyx Kaki n =5
Analyte Background/ mg/g Spiked/ mg/g Found/ mg/g Recovery/% RSD/%
3 4 5-THBA 0.193 0.210 0.396 96.7 4.2
3 5-DHBA - 0.030 0.028 93.3 4.9
3 4-DHBA 0.049 0.070 0.115 94.3 5.7
4-HBA 0.014 0.014 0.029 107.1 5.1
2 5-DHBA 0.014 0.040 0.052 95.0 3.7
2 4-DHBA - 0.020 0.019 95.0 6.7
- not detected.
60 60 60
[ 4 F F
50 [ a c
40 |-
[ 23
5 30F >
E r g
20 F 6
10 3 5
0 F P DI S P T T T S [N S ST S T N S S S
0 5 10 15 20 0 5 10 15 20
t/min t/min

3 3p-HFLPME

HBAs
Fig. 3 Sample clean-up and enrichment of HBAs in Calyx Kaki by 3p-HFLPME
a. mixed standard solution 20.00 mg/L
riched by 3p-HFLPME under the optimal conditions.

b. Calyx Kaki sample without enrichment by 3p-HFLPME c. Calyx Kaki sample en-

Peaks 1. 3 4 5-THBA 2. 3 5-DBHA 3. 3 4-DHBA 4. 4-HBA 5. 2 5-DHBA 6. 4-DHBA.
2.3 HBAs EF 10g P, cpianol/water HBAs
3p-HFLPME HBAs EF -COOH -OH
EF=C,/C,, C,; HBAs HBAs
C, HBAs 3p-HFLPME EF
HBAS IOg Pn—hcptanol/i mmol/L HCl 2 3 4 5_
3p-HFLPME EF 6 EF THBA 3 5-DHBA 3 4-DHBA 4-HBA EF
7 PK, PK,
7 1 3p-HFLPME HBAs pH
EF IOg Pn—hcptanol/S mmol/LHC1 EF 3 3 4 S_THBA
6 HBAs 3p-HFLPME
Table 6 Physico-chemical and structural parameters of HBAs and its EF under the optimal 3p-HFLPME conditions
Parameter 3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA 2 5-DHBA 2 4-DHBA
EF 14.9 28.2 31.9 53.7 91.2 107.6
log P, neptano/s mmovL HOL - 0.77 L.17 0.85 1.34 1.86 2.17
108 P, yepranot/water 0.22 0.58 0.67 1.19 0.11 0.86
Number of —-OH N 3 2 2 1 2 2
pK, " 3.13 4.04 4.26 4.54 2.951 3.11

# 108 P, jeptanol/s mmor/r, no1 Means n-heptanol/water conditional distribution coefficient of HBAs. log P

nol/water distribution coefficient of HBAs. Both of them were obtained by shake-flask method.

7 HBAs

n-heptanol/ water

Table 7 Correlativities between EF and physico-chemical and structural parameters of HBAs

means n-hepta-

Correlativities

Regression equation

EF and 10g P, ,cpianor/s mmovt HOl

EF and 10g P, ycpianol/water

EF and N 3 4 5-THBA 3 5-DHBA 4-HBA

EFand N 3 4 5-THBA 3 4-DHBA 4-HBA

EF and pK, 3 4 5-THBA 3 5-DHBA 3 4-DHBA 4-HBA

EF =65.3 10g P, epianor/s mmovt nor ~ 34- 22
EF =11.6 108 P, jepianor/water +47-57

EF = -19.4N +71.07

EF = -19.4N+72.3

EF =23.64 pK, -62.23

0.9531
0.0156
0.9681
0.9949
0.8034
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3 5-DHBA 3 4-DHBA 4-HBA EF N
HBAs N EF 4 2 5-DH-
BA 2 4-DHBA EF N pK,
2 5-DHBA 2 4-DHBA -COOH 2
-OH
10g P, eptanc/s mmouL et EF
N pK,
HBAs
3p-HFLPME EF
1og P, cpanors mmorner PK, N
6 HBAs pK, N HBAs
3p-HFLPME EF
3
6 HBAs 3p-HFLPME
HBAs 3p-HFLPME
HBAs
HBAs
HBAs  3p-HFLPME
3p-HFLPME
HBAs 3p-HFLPME
HFLPME
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